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INTENDED LEARNING OBJECTIVES (ILO) €» 


By the end of this lecture the student will be able to: 


1. Explain the physiological functions of insulin 

2. Illustrate how insulin is released from p cells of pancreas in 
well fed state . 

3. Describe insulin receptors, the way they mediate insulin 
action, and the way they are regulated. 

4. Mention the types & functions of glucose transporters found 
in the body. 


5. List the factors that affect insulin secretion. 


Endocrine Pancreas €» 


Pancreas is a glandular structure with both endocrine and exocrine 


functions (mixed gland). 

v Li r Endocrine: 
The exocrine part: Bile duct - E: ee [me] a 

secrete hormones into 


blood vessels 


| Composed of acinar cells which makes 
the majority of the pancreatic mass. 


| They secrete enzymes to digest 
carbohydrates (amylase), proteins 
(trypsin) & fat (lipase) into the 


/ pancreatic duct. 
he endocrine part: 


digestive enzymes into 
- Composed of pancreatic islets of Langerhans whichbvodenum pancreatic duct 


(0) 1 E 1117 https://www.google.com/url?sa=i&rct=j|&q=&esrc= 
represents 1% of the pancreatic mass (1-2 million HtPMwwocoglecomiunmsazis 
islets) =https%3A%2F%2Fwww.pinterest.com%2Fpin%2F8256 
. 36544161531032%2F&psig=AOvVaw0XrHERMmyx0874 
Cnm9xjKQ&ust-1575400404404780 
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What are the hormones secreted by Pancreas? ©) 


Islets of Langerhans consists of 4 types 
of cells which secrete hormones directly 


into the blood. 


m WN m 


- Beta cells are centrally located within 
the islet and constitute 60% of the islet 


Alpha cells [] Glucagon 
Beta cells [] Insulin 
Delta cells [] Somatostatin 


F cells [] Pancreatic polypeptide (PP). 


mass. 


- Alpha cells (2590), D cells (1096) and F 
cells (5%) cells are located atthe © 


Alpha cell 
(secretes ~ JA \ 
glucagon) =~ OI 

f ? Exocrine 

| z pc I. pancreas 

Beta cell — 4 ta > = (acinar cells 
(secretes / | On as Y and duct cells) 
insulin) 


F cell 
(secretes 

| pancreatic 
polypeptide) 


What are the hormones secreted by Pancreas? ©) 
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Bile duct 
denum 


Blood 


Endocrine portion 

of pancreas 

(Islets of Langerhans) 
(Insulin 
[Glucagon 
[ISomatostati 
n 
[JDIgestive 
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What are the hormones secreted by Pancreas? 


Endocrine 


gland 


Insulin 


Glucagon 


Somatostatin 


Increase uptake of glucose into the cell; 
promotes glycogenesis; lowers blood sugar 
levels 


Promotes glyeogenolysis; Increases blood 
sugar levels 


Mild inhibition af insulin and glucagon 
preventing fluctuations in blood glucose 
levels. Decreases gut motility and secretion 
of digestive juices 


Insulin Hormone €» 


" Site of release: 


(Hormone of feasting not fasting) 


Beta cells of the islets of Langerhans in 
response to rising levels of blood glucose. 


" Nature: 


Peptide hormone (51 a.a) consisting of two 
chains linked together by disulfide bridges.. 


" Synthesis: 


- [|t is synthesized as pre-proinsulin, stored in 
secretory granules as proinsulin & released as 
mature insulin by exocytosis. 


-It circulates free 


proteins). 


(not bound to plasma 
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https://www.google.com/url?sa=i&url=http 


S%3A%2F%2Fwww.slideshare.net%2Fanura 
g_yadav%2Finsulin- 


Proinsu lin 


Preproinsulin 
= 


-OOC 


=== 
8 


Signal sequence 


Insulin Hormone €» 


ucose induced insulin 
secretion 
™ Glucose enters the beta cells via GLUT2 


Glucose 


transporter [p | 
[] Glucose is metabolized generating ATP / C 


[] ATP closes the ATP sensitive K+ | 


channels 
O | K efflux 
[] Depolarizes the cell membrane m 
[] Opening of voltage gated Ca++ channels UA . "Cad + channels open 
channels in the bu pA 
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hata nall mamhrana 


C3lucose-sStirmulatecd Insulin Secretion in Beta Cells 


Glucose Insulin 


Pancreatic beta cell 


C3) Woltage-gated Catt 
ATP-sensitive KT channel open 
channel closeci 


2 Alila Medical Images - wwowww.cilifcrmedicodlimesmees.cornrr 
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.zazzle.com 


%2Fglucose_induces insulin secretion in beta cells poster22878244531 


5612644&psig 
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Insulin Hormone €» 


" Mechanism of action: 
Insulin receptors: 


EH eMe 


a subunit — 


- The insulin receptor is a complex protein made POUT: DINEINO 


domains] 
of 2 a subunits & 2 B subunits linked by disulfide koj 
bonds. LA 
- The a subunit of insulin receptor is Ë subunit 
extracellular and bind to insulin while the 8 l&TF-binding and 
. i tyrosine kinase 
subunit span the membrane & has intracellular domains] 


LINA 


part with intrinsic tyrosine kinase activity.(7he 
insulin receptor functions as a tyrosine kinase). 
- Binding of insulin to a subunit 


? (4) the tyrosine kinase activity of B subunit (Autophosphorylation of B 
subunit) 


[] Phosphorylation of a number of intracellular proteins (e.g IRS -1 that 
mediates most. of the biological.effects.o£insulin). 11 


INSULIN RECEPTORS 


Y INSULIN 


= 


«-subunits 


(autophosphorylation 
and 
cross-phosphorylation 


x Tyrosine of receptors) 
Phosphorylation kinase domains 


of celi protein substrates 


o The number of insulin receptors are affected by insulin and 


other hormones, exercise & food e.g 


"Y 1 insulin (obesity and acromegaly) > | number of receptors = 
down regulation. 


"Y" | insulin (starvation) ‘*°t’"ntimber of receptors = up 


IVICCIlaJllSIIl OL dCLLOT) OL INSULIN 
hormone 


Cytoplasm 


Binding to Dimerization Phosphorylation Phosphorylation of 

receptor of receptor signal oa 

proteins Tyrosine Cascade of effects 
Kinase now Giucose uptake and 
active anabolic reactions 


Binding of insulin to the a subunits causes the B subunits to phosphorylate 
themselves (autophosphorylation), thus activating the catalytic activity of 
the receptor The activated receptor then phosphorylates a number of 


intracellular proteins that mediates the biological effects of insulin. 
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Insulin Hormone €» 


" Physiological actions : | cep 
I- On CHO: X 
- (+) glucose uptake in muscle and liver. 
- (+) glycogen synthesis = glycogenesis in muscle &li 
[] glucose is channeled into storage. 
- (+) glycolysis in muscles and adipose tissue. "Glucose a 
- (-) glycogenolysis and gluconeogenesis. - 4 | 


— 


Insulin is the only hypoglycemic 


By 
t1 pe N t1 


Glucose "—— & utilization by Glucose storage as glycogen 
the cells. endocrine coda liver' 14 


hormone 


Glucose Transporters €» 


Y Glucose transport across the body cells occurs by : 
1. Secondary active transport: (Na* - glucose cotransport) (SGLT1 & 


SGLT2) in intestine & kidney. 


2. Facilitated diffusion: glucose transporters |(Ce&T.U Bal glucose uptake (eres, muscle cells at 


Glucose transporte rs resting conditions, brain vessels ..) 


l GLUT 2 |Liver, D cells of pancreas» kidne 
Y They are group of membrane proteins Gum ) ; 
GLUT 3 (Neurons, placental cells 


which help transport of glucose across 


GLUT 4 |Muscle, adipocytes - dependent on insulin 


GLUT 5 |Transport of fructose, small intestine 
V 
cai kai í ONA giucose GLUT 7 |Intracelular transport liver 


transporters; named GLUT 1-7... nary Module https://www.pinterest.com/pin/7079096351492409D9/ 


the cell (facilitated diffusion). 


Glucose Transporters €» 


Insulin-dependent ancd 
insulin-independent organs & tissues 


Insulin-dependent organs 
- Skeletal muscle (Glut-4) 
- Myocardium (Glut-4) Red blood cells 
- Fat tissue (Glut-4) Kidney medulla 

Inflammatory Gi 


granulation tissues, 
vwounds 


Macrophages 


https://slideplayer.com/slide/11490432/ 


LIUOCI = 16 


Insulin Hormone €» 


- 6096 of glucose transport into cells is insulin dependent (using 
glucose transporter "GLUT" 4) which is found mainly in cytoplasm 


of resting muscles & adipose tissues. 
- Insulin promotes glucose uptake in them by T the number of 
glucose transporters and promotes their movement from cytoplasm 


to cell membrane. 


Insulin independent glucose transport occurs in: 

(via glucose transporters = plasma membrane carriers) 
1- Brain (except satiety center) [JGLUT 1 
2- RBCs, gonads, placenta [GLUT 1 
3-Intestine, kidney, liver & B cells of pancreas []GLUT 2 


4- Neurons.[]GL.UT 3 


= YAT. fI ? ww 6 5 ] . . 


HOW DOES INSULIN WORK? 


Insulin Glucose 
Glucose 
channel open, 


Insulin is the key 
e o that unlocks the 
glucose channel glucose to enter 


the cell 
Glucose 
channel =) 
(closed) 


Insulin 
receptor 


https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww. 
endocrineweb.com%2Fconditions%2Ftype-1-diabetes%2Ftype- 
1-diabetes-insulin&psig 
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Insulin stimulated glucose uptake via GLUT 4: 


Insulin Insulin Glucose 


receptor J 


Plasma 
membrane 


In the presence of insulin, Glut4 allows glucose to 
Glut4 vesicles fuse with the enter the cell. 
plasma membrane. 
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Secondary active transport of glucose in renal 
tubules: 


Basolateral membrano 


900000000000 = 
A 3 ELM NI 
WV ATW UA 


MOOG 


Lateral imercellular space 


TL Onion Figure 1. Glucose reabsorption frons the glomerular filtrate through a proxima! tubule epithelial cell into 
i the Blood, Reprinted dy permission fror Marmillan Prblishers Ltd: Kidney Int, 2009; 75:41 272-4277. 
© 2009 roras nature corn lif jowrnatllp TS in IAfig. tdi 20098 7/7. krml2fipure-rirle. 
Source: Reference 7. 
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II- On FAT: 


- (+) fat deposition (lipogenesis) & (-) lipolysis in adipose T.[] 1 fatty acids level in 
blood. 


- (-) ketogenesis (ketone bodies formation) in the liver because it l fatty acid 
degradation providing less acetyl-CoA, the substrate for their formation. 


So insulin is a lipogenic hormone. 
III- On proteins: 

- (+) amino acid uptake into cells, increases protein synthesis [] l a.a level in blood. 
- (-) protein degradation.(+ve nitrogen balance). 
So insulin is an anabolic hormone. 
IV- On electrolytes: K+ 


Insulin Thera py 


Insulin ATPase Cell 


- Insulin increases K+ uptake into cells, so decreasing blood K+. 
(Insulin ++ activity of Na+- K+ ATPase). Na+ 


Insulin Hormone €» 


- So insulinis Hypoglycemic, 
Lipogenic, 
Anabolic. 


- Insulin actions can be divided into rapid, intermediate, and delayed actions as follows: 


Intermediate Delayed 


- (+) glycolytic 
enzymes and 
glycogen synthase 

T transport of glucose, |- (-) phosphorylase & 


amino acids, and Kt gluconeogenic T in mRNAs for 
into insulin-sensitive enzymes lipogenic enzymes 
cells - (+) of protein | 


cvnthaoacic 


(+) Glycogenesis, 
glycolysis 


- 4 glycogenolysis 
- 4 gluconeogenesis 


4 ketone body 
production 


Lipogenesis ([]TG) 


| lipolysis 
Glucose uptake (Glut4) [] Glucose uptake (Glut4) 
glycogenesis, glycolysis D glycolysis 
Amino acid uptake [| protein 
synthesis 


i protein. breakdown inci: 23 


Regulation of insulin secretion €» 


Il. Blood glucose concentration: 
* The most important factor regulating insulin ‘+Pleoma 
secretion. luc 


* 1 blood glucose [] (+) insulin secretion from the [- 
cells 


[] 4 blood glucose. 


= | blood glucose [] (-) insulin secretion. EE — ^ 
Muscle, adipose, 
[jT blood glucose ( -ve and ther cells 
feedback) | 
1 Glycolysis ' M Glucose transport) transport 
! 1 Glycogenesis 
| + Lipogenesis == 
* Insulin secretion is biphasic, an initial burst of | 
insulin (release of preformed insulin) is followed by | wu — 
slow sustained secretion (release of newly formed e Vi 
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Regulation of insulin secretion €» 


II- Blood amino acid level: 


| amino acids (after a protein rich meal) lead to [|I insulin secretion [] | amino acid 
entry into the cells [] (+) protein synthesis. 


III- Gastrointestinal hormones: 


- GIT hormones released in response to presence of food (GLP-1, GIP , gastrin, 
secretin & CCK ) [] ll insulin secretion. 


NB.: Glucose taken by mouth stimulates more insulin release than given intravenous. 


IV- Autonomic nerves: 


- Parasympathetic (vagal) stimulation in response to presence of food in GIT [] ! 
insulin. (Ach via M4 receptors). 


- Sympathetic stimulation [] | insulin [] 1 blood glucose level to face stressful 
situations (NE ada a 2 receptors). 8 Genitourinary Module 25 


Regulation of insulin secretion €» 


V- Other hormones: 
- Glucagon [] (+) insulin. 
- Somatostatin [] (-) insulin. 


- Growth hormone [J (+) insulin. 


VII- Cyclic AMP: 


- Stimuli that T cAMP in B cells [] (+) insulin as f adrenergic agonists, glucagon 
& theophyline. 


VIII- Ions: 
- K +and ca++ are needed for insulin response to glucose. 


- K depletion [] (-) insulin secretion [] glucose intolerance as in Conn s disease. 
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Regulation of insulin secretion (summary) 


Glucose-Stimulated Insulin Secretion in Beta Cells 


Glucose Insulin 
yea 


ve 


1. 


oe Ca 


Pancreatic beta cell 


Y 


So x. 
Q 235 
(3) Voltage-gated Ca** 


ATP-sensitive K* channel open 
channel closed 
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Regulation of insulin secretion €» 
D Insulin Secretion 4 Insulin Secretion 


- T blood glucose - | blood glucose (Fasting). 
-7 blood free fatty acids 
-7 blood amino acids. 


- Gastrointestinal hormones (GLP- 

1, GIP) - Somatostatin 
- Islet hormone (glucagon) 

- Other hormones (growth hr, 


cortisol) . - Sympathetic stimulation 
(a-adrenergic activity) 
- Parasympathetic stimulation; - Atropine. 
Acetylcholine. 
- B blockers. 


- Alloxan & Streptozotocin. 
- CAMP (B-Adrenergic agonists, . — 
theophlline). MA 


Lecture Quiz €» 


Q. Insulin exerts all of the following effects EXCEPT: 
a. Promotion of lipogenesis. 


. Stimulation of glycogen synthesis. 


b 

c. Increases transport of glucose into exercising muscle. 
d. Increase in glucose transport in adipocytes. 
e 


. Lowers plasma K* level. 


SUGGESTED TEXTBOOKS €» 


1.Guyton and Hall ——— Lu = Laa esten. Ld 
d 


455770051 


2. Ganong's Review of Medical Physiology, 25e. 
Chapter 21, pages (315 to 335) 


https: . 
fth/dp/007 182510X 
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